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Macrobrachium rosenbergiiAbstract The ﬁshmeal replaced with Spirulina platensis, Chlorella vulgaris and Azolla pinnata and
the formulated diet fed to Macrobrachium rosenbergii postlarvae to assess the enhancement ability
of non-enzymatic antioxidants (vitamin C and E), enzymatic antioxidants (superoxide dismutase
(SOD) and catalase (CAT)) and lipid peroxidation (LPx) were analysed. In the present study, the
S. platensis, C. vulgaris and A. pinnata inclusion diet fed groups had signiﬁcant (P< 0.05)
improvement in the levels of vitamins C and E in the hepatopancreas and muscle tissue. Among
all the diets, the replacement materials in 50% incorporated feed fed groups showed better
performance when compared with the control group in non-enzymatic antioxidant activity. The
50% ﬁshmeal replacement (best performance) diet fed groups taken for enzymatic antioxidant
study, in SOD, CAT and LPx showed no signiﬁcant increases when compared with the control
group. Hence, the present results revealed that the formulated feed enhanced the vitamins C and
E, the result of decreased level of enzymatic antioxidants (SOD, CAT and LPx) revealed that these
feeds are non-toxic and do not produce any stress to postlarvae. These ingredients can be used as an
alternative protein source for sustainable Macrobrachium culture.
ª 2014 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. All rights
reserved.Introduction
Microalgae are valuable in aquaculture and have been used as
live feeds for larval or juvenile crustaceans and ﬁnﬁsh, for all
bivalve mollusks including oysters, scallops, clams and
mussels, and as feed for zooplankton used in aquaculture.
Microalgae are rich sources of vitamins, essential amino acids,
minerals, essential fatty acids, and carotenoid pigments for
26 S. Radhakrishnan et al.aquatic animals (Takeuchi et al., 2002). In feeding trials with
ﬁsh, many types of microalgae have been found to increase
growth (protein accretion), feed utilization, physiological
activity, stress response, starvation tolerance, disease resis-
tance, and carcass quality (Mustafa and Nakagawa, 1995)
carotenoid and protein sources for shrimp (Regunathan and
Wesley, 2006; Patnaik et al., 2006).
Spirulina is considered a rich source of protein, vitamins,
minerals, essential amino acids, fatty acids (gamma – linolenic
acid (GLA), and antioxidant pigments, such as carotenoids
(Belay et al., 1996). Several studies have been conducted using
dried Spirulina as a feed supplement (Watanabe et al., 1990), it
has been tested as the partial substitution in the feed of white
shrimp Litopenaeus schmitti (Jaime-Ceballos et al., 2005), in
Paciﬁc white shrimp Litopenaeus vannamei (Hanel et al.,
2007), in Guppy ﬁsh (Dernekbasi et al., 2010) and Peneaus
semisulcatus (Ghaeni et al., 2011). Todd Lorenz (1998) re-
ported that Spirulina is a good source of carotenoid and vita-
min. Mendiola et al. (2007) reported that supercritical ﬂuid
extracts from Spirulina platensis show antioxidant and antimi-
crobial activity, it is safe and used as an alternative to synthetic
antioxidants.
Chlorella is a fresh water, single-celled algae that grows in
fresh water. It contains the highest amount of chlorophyll of
any known plant. It is a nutrient-dense super food that con-
tains 60% protein, 18 amino acids (including all the essential
amino acids), and various vitamins and minerals. One of its
unique properties is a phytonutrient called Chlorella Growth
Factor (CGF). CGF is thought to be concentrated in the nu-
clei of the algae, and appropriately is comprised of nucleic
acid associated substances, peptides, proteins, amino acids,
vitamins and sugars of particular interest with respect to
detoxiﬁcation in the presence of the peptide glutathione with-
in the Chlorella Growth Factor (Nick, 2003). More than 20
vitamins and minerals are found in Chlorella, including iron,
calcium, potassium, magnesium, phosphorous, pro-vitamin
A, vitamins C, B1, B2, B2, B5, B6, B12, E and K, biotin, ino-
sitol, folic acid, plus vitamins C, E and K. Chlorella had a
better activity in inhibiting lipid peroxidation as compared
to glutathione and have antioxidant properties (Bengwayan
et al., 2010).
Azolla pinnata is a freshwater ﬂoating fern. It is used as a
ﬁsh feed ingredient of an alternative protein source, is well doc-
umented in black tiger shrimp Penaeus monodan (Sudaaryano,
2006), in carps (Maity and Patra, 2008) and Nile tilapia (Yous-
souf, 2012) and it can convert its raw protein into best edible
protein. Thus the cost of production of aqua feed can be re-
duced using an eco-friendly and sustainable resource (Datta,
2011). Cohen et al. (2002) reported that the 3-Deoxyanthocy-
anins are the only known ﬂavonoids of Azolla. Also, Mithraja
et al. (2011) reported that the crude extract of A. pinnata con-
tains various antioxidant like phyto-constituents such as, tan-
nins, phenolic contents and ﬂavonoids.
Generation of reactive oxygen species (ROS) such as super-
oxide radical, hydroxyl and HO during cellular metabolism is
the characteristic feature of all aerobic organisms. Since ROS
are highly reactive they promote the oxidation of biomolecules
and are commonly referred to as pro-oxidants (Mates et al.,
1999). Pro-oxidant effects of the ROS are neutralized by the
antioxidant defences of the cells comprising of antioxidant en-
zymes and non-enzymatic antioxidants (Martinez-Alvarez
et al., 2005).In normal cells there exist a delicate balance between the
prooxidant forces and antioxidant defences known as redox
balance. Nevertheless, over whelming of antioxidant defences
of cells by pro-oxidants leads to oxidative stress. It is reported
that oxidative stress in aquatic organisms is more profound
during nutritional deﬁciency (Avanzo et al., 2002), elevated
temperature (Hwang and Lin, 2002), hypoxia (Kolkovski
et al., 2000) and exposure to xenobiotic (Dandapat et al.,
1999). Nonetheless, supplementation of a dietary antioxidant
like vitamin-C protects the aquatic animals from temperature
and hypoxia mediated oxidative stress (Hwang and Lin,
2002; Kolkovski et al., 2000). It is an established fact that poly-
unsaturated fatty acids (PUFA) of both n3 and n6 types are
extremely important in the synthesis of bio-membrane during
cellular differentiation and organogenesis in larval develop-
ment and growth of aquatic animals (Nanton and Castell,
1998; Glencross et al., 2002). Hence, PUFA should be well
protected from oxidative assault during larval development
and metamorphosis. Production of ROS during larval devel-
opment is likely to depend upon metabolic status of the cell
and the ambient oxygen tension, although a deﬁnite role of
the ROS and antioxidants is established in various cellular
processes such as development, differentiation, regeneration
and regression (Arun and Subramanian, 1998; Mahapatra
et al., 2001, 2002; Dvorska et al., 2002). Little has been re-
ported about the relation between macronutrients and antiox-
idant defences in ﬁsh, although results indicate that different
dietary energy sources inﬂuence the main enzymatic antioxi-
dant defences (Alvarez et al., 1998; Lygren and Hemre, 2002;
Rueda-Jasso et al., 2004).
The freshwater prawn,Macrobrachium rosenbergii is one of
the commercially important species in freshwater aquaculture.
The culture of the species is carried out in fresh and low saline
water, requirement of sea water is obligatory for the larval
development and metamorphosis. The study of the expression
of antioxidant enzymes and the level of lipid peroxidation
(LPX) is required to have an idea on the redox status of the
cell, which can be extrapolated for the better health manage-
ment of the larvae during commercial seed production through
the modulation of antioxidant defences (Dandapat et al.,
2003).
The present study dealt with analyses of the concentrations
of non-enzymatic antioxidant (vitamin C and E), activities of
the enzymatic antioxidant (superoxide dismutase and cata-
lase), and lipid peroxidation in M. rosenbergii postlarvae
(PL) fed with formulated feeds by replacement of ﬁshmeal with
S. platensis, C. vulgaris and A. pinnata.Materials and methods
Purchase and preparation of feed ingredients
The ﬁshmeal (trash ﬁsh) was purchased from the local ﬁsh
market, Ukkadam, Coimbatore, Tamil Nadu, India. The pro-
cured ﬁshes were cleaned well with tap water and the digestive
system was removed. The ﬂesh was cleaned with hot distilled
water. The cleaned ﬂesh was sun dried to remove the moisture
content. The dried ﬂesh was powdered by an electric pulvaliz-
er. The powdered ﬁshmeal was sieved with an ordinary ﬂour
ﬁlter and stored in a deep freezer for using feed formulation
and further to proximate composition analyses. The feed
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and the binding properties (egg & tapioca ﬂour) were pur-
chased from local markets at Coimbatore. The replacement
materials such as S. platensis (method of Schlosser, 1994; Von-
shak, 1986), C. vulgaris (method of Bischoff and Bold, 1963
and Schuster et al., 1990) and A. pinnata (Sherief and James,
1994) were cultured in our laboratory.
Experimental diet preparation
The basal ingredients, such as processed ﬁshmeal, sundried soy
meal, groundnut oil cake and wheat bran were ground sepa-
rately using a micro pulvelizer and ﬁltered through an ingredi-
ent ﬁlter. The powdered and ﬁltered feed ingredients were
weighed out and thoroughly mixed to different ratios for pre-
paring thirteen diets (one control ﬁshmeal diet and twelve diets
where the ﬁshmeal was gradually replaced with S. platensis, C.
vulgaris and A. pinnata at the concentrations of 25%, 50%,
75% and 100%). The mixed feed ingredients were steam
cooked for 15 min at 95–100 C and allowed to cool at room
temperature. The steam cooked ingredients were mixed with
replacement materials (S. platensis, C. vulgaris and A. pinnata
at respective concentration), vitamin tablets (1%), sunﬂower
oil (2%), egg albumen and tapioca ﬂour (12%) for binding
and then 10% of boiled water was added and mixed well
(5 min) until the mixture made to a paste like form. The mixer
was pelletized in a manual pelletizer ﬁxed with 3 mm diameter
and the pellets were collected in aluminium trays. Then the
feeds were dried until the moisture content was less than
10%. The dried feed pellets were physically examined for vi-
sual appearance, such as uniformity, colour and fragrance.
The feed ingredients percentage composition and proximate
composition are provided in Table 1.
Feeding experiment
Macrobrachium rosenbergii (PL-30) with the length and weight
range of (1.56 ± 0.29) cm and (0.22 ± 0.039) g respectively
were used for the feeding experiment. Thirty PL for each diet
in triplicate were maintained in plastic tanks with 40 L water.
One group served as control. The experimental groups were
fed with the respective concentrations of ﬁshmeal replaced
with S. platensis, C. vulgaris and A. pinnata inclusion levels
of 25%, 50%, 75% and 100% incorporated diets. The feeding
was scheduled two times a day (6:00 am and 6:00 pm). The dai-
ly ration of the feed was given at the rate of 10% of the body
weight of PL throughout the experimental period. The feeding
experiment was prolonged for 90 days; mild aeration was given
continuously in order to maintain the optimal oxygen level.
Estimation of non enzymatic antioxidants
Estimation of vitamin C
Ascorbic acid was measured according to the method of Roe
and Kuether (1943). To 0.5 g of the tissue homogenate, 10%
of 1.5 ml ice-cold TCA was added and centrifuged for
10 min at 1800 rpm. To 0.5 ml of the supernatant, 0.1 ml of
thiourea-copper sulphate reagent (DTC) was added and mixed
well. The tubes were incubated at 37 C for exactly 3 h, 0.75 ml
of ice-cold 65% H2SO4 was added and the tubes were allowed
to stand at room temperature for an additional 30 min. A setof standards containing 10–50 lg of ascorbic acid were taken
and made up to 0.5 ml and were processed in a similar manner
along with a blank containing 0.5 ml of 10% TCA. The colour
developed was read at 520 nm. The amount of ascorbic acid
was expressed as lmol/mg protein in tissues.
Estimation of vitamin E
Vitamin E was estimated by the method of Baker et al. (1980).
In this method, 0.5 g of tissue homogenate, 1.5 ml of ethanol
and 2.0 ml of petroleum ether were added and centrifuged
for 5 min at 1000 rpm. The supernatant was evaporated to dry-
ness at 80 C. To this, 0.2 ml of butanol was added and the in-
tense red colour developed was read at 520 nm. a-tocopherol
was used as a standard. The amount of a-tocopherol was ex-
pressed as lmol/mg protein in tissues.
Estimation of enzymatic antioxidants
Preparation of tissue homogenate: The non-enzymatic antiox-
idant (vitamin C and E) levels showed better performance.
Control group and three partial ﬁshmeal replacement diet
fed groups were taken for an enzymatic antioxidant analyses.
The selected groups hepatopancreas and muscle tissues were
homogenized (10% w/v) in ice-cold 50 mM Tris buffer (pH
7.4), centrifuged at 10,000g for 20 min at 4 C and the superna-
tant was used to assay the enzyme activities. Soluble protein
concentration was determined by the Lowry et al. (1951) meth-
od, using bovine serum albumin as the standard.
Superoxide dismutase (SOD)
Superoxide dismutase (SOD) activity was measured using
pyrogallol (10 mM) autoxidation in Tris buffer (50 mM, pH
7.0) (Marklund and Marklund, 1974). The enzyme activity
was expressed as units/mg protein.
Catalase (CAT)
Catalase (CAT) activity was measured using H2O2 as the sub-
strate in phosphate buffer (Sinha, 1972). The reaction was ini-
tiated by the addition of 1.0 ml of phosphate buffer (0.01 M,
pH 7.1), 0.5 ml of H2O2 (0.2 M) and 0.4 ml of distilled water
successively to 0.5 ml of tissue homogenate. After 60 s the reac-
tion was stopped by the addition of 2.0 ml of dichromate-ace-
tic acid reagent. The tubes were kept in a boiling water bath for
10 min and cooled. The absorbance of the chromophore was
read at 620 nm. Activity of catalase was expressed as lmoles
of hydrogen peroxide consumed/min/mg protein.
Lipid peroxidation
Lipid peroxidation (LPx) in the tissue homogenate was mea-
sured by estimating the formation of thiobarbituric acid reac-
tive substances (TBARS) (Ohkawa et al., 1979). The tubes
containing 1 ml of tissue homogenate (10% w/v in 50 mM
phosphate buffer, pH 7.4) was subsequently mixed with 1 ml
of tris buffer (0.02 M, pH 7.5), 1 ml 10% tricholoro acetic acid
and 1.5 ml thiobarbituric acid (1.5%). The reaction mixture
was boiled for 15 min in a boiling water bath and cooled at
room temperature. The contents were centrifuged at
1000 rpm for 20 min and the supernatant was collected. The
absorbance of the supernatant was measured at 535 nm
against a reagent blank. TBARS was expressed as lmoles of
MDA/mg protein.
Table 1 Ingredients and proximate composition of experimental diets.
Ingredients (g/100 g) Control
(BI + FM)
Diet-1
(BI + FM75 + R25)
Diet-2
(BI + FM50 + R50)
Diet-3
(BI + FM25 + R75)
Diet- 4
(BI + R100)
Fish meal 25 18.75 12.5 6.25 0
Groundnut oil cake 25 25 25 25 25
Soybean meal 25 25 25 25 25
Wheat bran 10 10 10 10 10
Egg albumen 7 7 7 7 7
Tapioca ﬂour 5 5 5 5 5
Sunﬂower oil 2 2 2 2 2
Vitamin mix* 1 1 1 1 1
Spirulina/Chlorella/Azolla 0 6.25 12.5 18.75 25
Total 100 100 100 100 100
Proximate composition of S. platensis incorporated feed (%)
Protein 42.02 41.24 41.38 41.51 41.45
Carbohydrate 20.48 21.14 21.30 22.45 23.11
Lipid 13.70 13.63 13.46 13.20 13.11
Ash 11.86 12.80 13.30 14.13 14.36
Moisture 9.93 9.2 8.63 7.93 7.4
Gross energy (k cal/kg1) 2713.09 2781.77 2850.46 2953.49 2987.83
Proximate composition C. vulgaris incorporated feed (%)
Protein 42.02 41.47 40.93 40.38 39.84
Carbohydrate 20.48 20.68 20.88 21.05 21.27
Lipid 14.70 13.63 13.41 13.24 13.13
Ash 11.86 12.33 13.00 13.73 14.2
Moisture 9.93 9.4 8.73 7.46 7.2
Gross energy (k cal/kg1) 2713.09 2930.13 3187.71 2651.96 2379.96
Proximate composition A. pinnata incorporated feed (%)
Protein 42.02 39.74 37.48 35.20 32.94
Carbohydrate 20.48 22.06 23.64 25.22 26.80
Lipid 14.70 12.57 12.30 12.04 11.77
Ash 11.86 12.00 12.40 12.86 13.06
Moisture 9.93 9.00 8.46 7.80 7.40
Gross energy (k cal/kg1) 2713.09 2747.43 2781.77 2644.4 2575.72
BI-Basal Ingredients; FM-Fishmeal; R-Replacement.
* BECOSULES CAPSULES (Manufactured by Pﬁzer). Each capsule contains Thiamine Mononitrate IP, 10 mg; Riboﬂavin IP,10 mg; Pyri-
doxine Hydrochloride IP, 3 mg; Vitamin B12 (as tablets 1:100) IP, 15 mcg; Niacinamide IP, 100 mg: Calcium pantothenate IP, 50 mg; Folic acid
IP,1.5 mg; Biotin USP/IP, 100 mcg; Ascorbic acid IP, 150 mg.
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The results were expressed as Mean ± SD. Statistical analysis
was carried out by Analysis of Variance (one way ANOVA)
followed by DMRT and paired sample ‘t’ test were considered
as indicative of signiﬁcance, as compared to the control group.
All calculations were performed using: SPSS, version 16.0 for
Windows (SPSS, Michigan Avenue, Chicago, IL, USA).Results
Non enzymatic antioxidants
Vitamin-C
The concentrations of vitamin C in the muscle and hepatopan-
creas of the M. rosenbergii PL fed with different concentra-
tions of S. platensis, C. vulgaris and A. pinnata incorporated
feeds are given in Table 2. After the feeding trial experiment
of 90 days, vitamin C in the muscle tissue and hepatopancreas
contents were found to be signiﬁcantly elevated in the prawn
PL fed with 50% S. platensis inclusion diet fed group, followedby the PL fed with 75%, 25% and 100% S. platensis inclusion
diets when compared with the control group. As well as, the
prawn PL fed with 50% of C. vulgaris inclusion diet fed group
showed a signiﬁcantly higher level of vitamin C when com-
pared with the control group. The different concentrations of
A. pinnata incorporated feed fed groups showed the vitamin
C content was found to be signiﬁcantly higher (P< 0.05) in
50% A. pinnata inclusion diet fed group, followed by the
25% and 75% diets when compared with the control group.
The 100% A. pinnata inclusion diet fed group showed a very
low level when compared with the control group. In this study,
concentration of vitamin C observed was higher in the hepato-
pancreas when compared with the muscle tissue of experimen-
tal PL. These differences were found to be statistically
signiﬁcant at (P< 0.05). Among the feeds the better perfor-
mance was seen in the following order C. vulgaris 50%> S.
platensis 50%> A. pinnata 50% incorporated feed fed groups.
Vitamin-E
Different formulated feeds fedM. rosenbergii PL muscle tissue
and hepatopancreas containing vitamin E concentrations are
shown in Table 2. Concentrations of vitamin E in signiﬁcantly
Table 2 Concentration of non-enzymatic antioxidants (lmol/mg protein) in M. rosenbergii PL fed with different formulated feeds.
Diets Aspects Tissue Initial Control Experimental diets F value
% of Replacement
(BI + FM75 + R25) (BI + FM50 + R50) (BI + FM25 + R75) (BI + R100)
S. platensis Vitamin C Muscle 6.32 ± 0.68 16.86 ± 0.76d 19.92 ± 0.60c
4.229 (0.052)
25.46 ± 0.61a
18.767 (0.003)
22.73 ± 0.89b
31.611 (0.001)
17.12 ± 0.65d
0.364 (0.751)
76.763
Hepatopancreas 24.89 ± 0.87 49.48 ± 1.51e 55.70 ± 0.66c
10.57 (0.009)
60.85 ± 0.81a
28.50 (0.001)
58.02 ± 0.95b
7.044 (0.020)
52.28 ± 1.17d
1.962 (0.189)
54.679
Vitamin E Muscle 2.18 ± 0.25 5.11 ± 0.25d 7.27 ± 0.71c
4.475 (0.046)
8.13 ± 0.53a
20.877 (0.002)
8.10 ± 0.27b
51.962 (0.000)
6.84 ± 0.15c
19.654 (0.003)
40.957
Hepatopancreas 10.30 ± 1.71 18.44 ± 0.80e 25.03 ± 0.34c
3.050 (0.093)
24.02 ± 0.55a
7.854 (0.016)
26.88 ± 0.34b
3.823 (0.062)
22.20 ± 0.27d
4.409 (0.048)
127.41
C. vulgaris Vitamin C Muscle 6.32 ± 0.68 16.86 ± 0.76e 22.06 ± 0.93c
8.088 (0.015)
26.21 ± 0.63a
20.812 (0.002)
24.43 ± 0.72c
113.50 (0.000)
19.29 ± 0.63d
3.929 (0.059)
76.272
Hepatopancreas 24.89 ± 0.87 49.48 ± 1.51d 61.50 ± 1.92b
9.723 (0.010)
66.84 ± 1.92a
19.366 (0.003)
58.83 ± 0.92c
10.422 (0.009)
54.94 ± 1.46c
3.393 (0.077)
50.846
Vitamin E Muscle 2.18 ± 0.25 5.11 ± 0.25c 6.66 ± 0.26b
27.713 (0.001)
9.33 ± 0.51a
29.136 (0.001)
7.32 ± 0.41b
11.015 (0.008)
5.82 ± 0.46c
3.031 (0.094)
28.685
Hepatopancreas 10.30 ± 1.71 18.44 ± 0.80d 20.47 ± 0.30c
3.133 (0.089)
28.16 ± 0.90a
6.082 (0.026)
22.21 ± 0.50b
5.410 (0.033)
19.27 ± 0.46d
3.714 (0.065)
52.292
A. pinnata Vitamin C Muscle 6.32 ± 0.68 16.86 ± 0.76c 19.22 ± 0.64b
2.877 (0.103)
23.45 ± 0.37a
17.691 (0.003)
14.38 ± 0.48d
3.283 (0.082)
13.01 ± 0.56e
26.612 (0.001)
149.16
Hepatopancreas 24.89 ± 0.87 49.48 ± 1.51c 54.35 ± 1.02b
11.132 (0.008)
57.50 ± 0.96a
23.746 (0.002)
48.19 ± 1.32c
1.016 (0.417)
42.75 ± 1.72d
4.358 (0.049)
55.521
Vitamin E Muscle 2.18 ± 0.25 5.11 ± 0.25c 6.44 ± 0.29b
7.364 (0.018)
7.60 ± 0.17a
12.010 (0.007)
4.95 ± 0.12c
0.693 (0.560)
4.60 ± 0.20d
1.987 (0.185)
89.262
Hepatopancreas 10.30 ± 1.71 18.44 ± 0.80b 19.06 ± 0.60b
-3.050 (0.093)
21.54 ± 0.26a
-6.082 (0.026)
15.80 ± 0.41c
3.823 (0.062)
14.82 ± 1.27c
4.409 (0.048)
38.665
Each value is a mean ± SD of three replicate analysis, within each row means with different superscripts letters are statistically signiﬁcant P< 0.05.
BI-Basal ingredients; FM-Fishmeal; R-Replacement.
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30 S. Radhakrishnan et al.higher levels were noted in the hapatopancreas of experimental
feed fed groups. The elevation was higher in theC. vulgaris 50%
inclusion feed fed group followed by the S. platensis 50% and
the A. pinnata 50% feed fed groups. Other groups of C. vulgaris
and S. platensis feed fed PL showed higher levels of vitamin E
content when compared with the control group PL. The 100%
A. pinnata inclusion diet fed group showed a very low level when
compared with the control group. Also the same trend was ob-
served in experimental PL muscle tissue. These differences were
found to be statistically signiﬁcant at (P< 0.05).
Enzymatic antioxidant and Lipid peroxidation
In the present study, the best performance was seen in S. platen-
sis 50%, C. vulgaris 50% and A. pinnata 50% incorporated feed
fed PL groups subjected to superoxide dismutase, catalase and
lipid peroxidation analysis. The results are tabulated in table 3.
Superoxide dismutase (SOD)
In the present study, the activity of superoxide dismutase in the
muscle tissue of S. platensis 50%, C. vulgaris 50% and A. pin-
nata 50% incorporated feed fed group PL showed no signiﬁ-
cant difference among control and experimental groups.
Hepatopancreas of these groups, A. pinnata 50% incorporated
feed fed group showed slightly higher SOD activity whereas S.
platensis feed fed group showed no signiﬁcant difference while
the C. vulgaris incorporated feed fed group showed lower SOD
activity, it is statistically not signiﬁcant when compared with
the control group (Table 3).
Catalase (CAT)
In the catalase activity of experimental feed fed groups, no sig-
niﬁcant difference was observed in 50% of S. platensis and A.
pinnata incorporated feed fed group whereas in C. vulgaris
incorporated group showed signiﬁcantly lower level of catalase
activity when compared with the control group PL. The same
trend was observed in these groups of hepatopancreas catalase
activity (Table 3).
Lipid peroxidation (LPx)
In the present study, the activity of lipid peroxidation in the
muscle tissue of A. pinnata 50% incorporated feed fed group
PL showed no signiﬁcant difference when compared with the
control group. 50% of S. platensis and C. vulgaris incorpo-
rated feed fed group showed a signiﬁcantly lower level of
LPx activity. Hepatopancreas of these groups A. pinnata
50% incorporated feed fed group showed a slightly higher le-
vel, S. platensis and C. vulgaris incorporated feed fed group
showed a signiﬁcantly lower level of LPx activity when com-
pared with the control group (Table 3).T
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FDiscussion
Non enzymatic antioxidants
Vitamin requirements of freshwater prawns are most probably
similar to those determined for other aquatic species because
Replacement of ﬁshmeal with Spirulina platensis, Chlorella vulgaris and Azolla pinnata 31vitamins serve as metabolic catalysts for the same chemical
reactions. Nevertheless, experimental determinations of quali-
tative and quantitative vitamin requirements are difﬁcult (New
et al., 2010). Heinen (1984) observed signiﬁcant mortality in
the absence of either dietary vitamin C or pyridoxine. D’Abra-
mo et al. (1994) suggested that vitamin C requirement for M.
rosenbergii is 100 mg/kg1 (using ascorbyl palmitate). Hari
and Kurup (2002) found that dietary vitamin C levels have a
perceptible inﬂuence on the survival ofM. rosenbergii juveniles
and recommended an inclusion rate of 135 mg/kg1 of ascor-
bic acid equivalent (using ascorbyl 2 polyphosphate). Require-
ments for AA in juvenile crustaceans are usually between 40
and 200 Agg1 dry weight (DW) of a chemically stable ascor-
bate compound (Conklin, 1997).
Vitamin C or L-ascorbic acid is an essential nutrient for
many aquatic animal species, including the penaeid shrimp.
Ascorbic acid (AA) is known to take part in several biochem-
ical reactions within the cells, all related to its ability to under-
go reversible oxidation and reduction (Conklin, 1997). Most
ﬁsh and crustaceans cannot synthesize AA due to the lack of
the gulonolactoneoxidase that allows the conversion of glucose
to ascorbic acid (Combs, 1992). Thus, many aquatic animals
are dependent on constant supplies of vitamin C through the
food. There have been several studies on the role of AA asso-
ciated with the promotion of growth, survival, feed efﬁciency,
molting, stress resistance, and immune response in penaeid
shrimp (He and Lawrence, 1993a; Shiau and Hsu, 1994;
Merchie et al., 1998; Lee and Shiau, 2002), but most of these
studies concentrated on the juvenile stage. In this study, the
experimental feed fed group showed an elevated level of vita-
min C. The results indicated that the supplementary feed ingre-
dients are well utilized by the prawn PL and these feeds have
higher concentration of vitamin C.
Vitamin E, especially its most active form, a-tocopherol, is
the major antioxidant present in cell membranes and thus pro-
tects cell and organelle membranes from oxidation by reacting
with organic free radicals (Burton and Traber, 1990). Vitamin-
E (tocopherol) is unique and deserves special attention for its
important role in maintaining the quality of aquaculture prod-
ucts (NRC (National Research Council), 1993).Vitamin-E is a
well-documented antioxidant and its role in inhibiting LPx is
well recognized (Suarez et al., 1999).The antioxidant function
of vitamin E lies in its 6 hydroxychroman ring. As a part of
its function it donates a hydrogen atom to the chain propagat-
ing the lipid peroxyl radical and gives rise to the chromanoxyl
radical (Kagan et al., 1990). It also provides additional health
protection through its immunostimulant property (Montero
et al., 1998). Further, the involvement of vitamin- E in the
metabolism of arachidonic acid and other unsaturated fatty
acids (Rice and Kennedy, 1988) is also well established. How-
ever, among all the forms of tocopherols, a-tocopherylacetate
is one of the stable vitamins and is most commonly used in ani-
mal feeds (NRC (National Research Council), 1983). Based on
the results of various studies, Conklin (1997) recommended
that for on growing crustaceans, the level of vitamin E in diets
should be 100 Agg1 DW. The signiﬁcance of vitamin E
(mainly a-tocopherol) has been subsequently proven as a chain
breaking antioxidant process that plays an important role in
biological processes (Sies and Murphy, 1991), and it’s deﬁcien-
cies have been shown to increase LPx in the hepatic micro-
somes of ﬁshes (Wilson et al., 1984). He and Lawrence
(1993b) demonstrated that vitamin-E deﬁciency in shrimpsmade mitochondrial and microsomal fractions of hepatopan-
creas and muscles more susceptible to ascorbic acid stimulated
LPx, which can be prevented by dietary supplementation of
vitamin-E. It plays a vital role in the antioxidant defence of
Penaeus vannamei. The freshwater prawns particularly M.
rosenbergii (crustacea) is scanty. Further, above mentioned re-
ports on marine prawns related to vitamin-E mainly conﬁned
to LPx and no information on other components of the antiox-
idant defence system is available in general and M. rosenbergii
in particular (Dandapat et al., 2000). In this study, the formu-
lated feed fed prawn PL showed signiﬁcantly increased levels
of vitamin E concentration in the hepatopancreas and muscle
tissue when compared with the control group. The present re-
sults showed that the formulated feeds contained vitamins,
which were well utilized by the prawn PL.
Enzymatic antioxidants (SOD and CAT)
Reactive oxygen species (ROS), which include hydroxyl radi-
cal, superoxide anion, hydrogen peroxide, and singlet oxygen,
are physiologically generated in a series of biochemical reac-
tions within cellular compartments and increase in physiolog-
ical conditions that result in oxidative stress, disease and
immune defence reactions (Dirks et al., 1982). The increased
levels of ROS may lead to irreversible cell damage and eventu-
ally to cell death. Superoxide dismutases play a crucial role in
the defence against oxidative cell damage, through catalysing
the breakdown of superoxide anion to oxygen and hydrogen
peroxide (McCord and Fridovich, 1998). In normal cells, there
exist a delicate balance between the prooxidant forces and
antioxidant defences known as redox balance. Previously some
researchers have reported that the over whelming of antioxi-
dant defences of cells by prooxidants leads to oxidative stress.
The oxidative stress in aquatic organisms is more profound
during nutritional deﬁciency, elevated temperature, hypoxia
and exposure to xenobiotics (Kolkovski et al., 2000; Romeo
et al., 2000; Avanzo et al., 2002; Hwang and Lin, 2002). How-
ever, either an increase in ROS production above the level that
can be removed by antioxidant defences, or a decrease in the
capacity of the antioxidant defences, could result in oxidative
damage to key molecules, including DNA, protein and lipids
(lipid peroxidation) (Halliwell and Gutteridge,1999). In the
present study, the activities of enzymatic antioxidants (SOD
and CAT) and lipid peroxidation did not show any signiﬁcant
increase when compared with the control group.Conclusion
In this study, the non-enzymatic antioxidants such vitamin C
and E were signiﬁcantly elevated in experimental feed fed
groups. The elevation of vitamin C and E were recorded higher
in 50% of the C. vulgaris incorporated feed fed PL group fol-
lowed by the 50% of S. platensis and A. pinnata incorporated
feed. The non-enzymatic antioxidants superoxide dismutase
and catalase showed no variation in experimental groups, sim-
ilarly lipid peroxidation showed no difference when compared
with the control. Hence, the present results revealed that the
feeds were well utilized by the prawn PL and do not produce
any toxic effects toM. rosenbergii PL. The selected ingredients
can be used forMacrobrachium feed formulation at the level of
partial replacement.
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